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Abstract 
 
Recombination and recombineering systems have been used in Escherichia coli to 
recombinant DNA sequences. With endonuclease and DNA lipase the bacterial 
plasmid and target DNA fragment can bind together and recombinant for a new DNA 
sequences. Red Proteins have been used in recombineering system to perform the 
function as the enzymes in recombination system, and faster and easier than the 
other way of recombinant new DNA sequences in E.coli. In this report we get to 
know the principles of recombination and recombineering, and how to perform the 
experiments. We also discussed the differences between these two technologies.  
Sooner this system will be important used in more widely areas such as molecular 
biology, medical biology and etc. 
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Introduction 
Since James Watson and Francis Crick found the structure of DNA in 1953, now 
more than half a century has passed. In the last twenty five years, with advanced study 
biologists have tried to recombinant DNA. Apparently, the technology brings almost 
infinitive possibilities and, as a matter of course, new discoveries. Now a day, the 
study of recombination and recombineering becomes more interesting and has been 
used in many areas such as molecular biology and medical biology.  
 
Biotechnological methods are being pushed forward for academic processes and 
medically process, such as biotransformation, fermentation. With the advance study 
of molecular biology that modify the genetic code becomes so exciting for us, so 
doing some research of recombination and recombineering are so necessary and 
interesting.   
 
Recombination is the process that a strand of the genetic materical DNA is broken and 
then joined to the end of a different DNA molecule. In eukaryotes recombination 
occurs during meiosis between paired chromosomes. This process makes the 
offspring having different combinations of genes which from their parents. 
Recombination plays important roles in heredity and evolution.  
 
Recombination-mediated genetic engineering, which is simple called 
‘recombineering’, has been established since 2001 and by using bacteriophage lambda 
recombination proteins (‘Red’ proteins) and short homologous DNA becomes a new 
powerful tool to in vivo genetic engineering study(Ellis et al., 2001). Recombineering 
allows DNA cloned in Escherichia coli to be modified via lambda Red-mediated 
homologous recombination, obviating the need for restriction enzymes and DNA 
ligases to modify DNA. Standard recombineering protocol contains preparation of the 
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cells, transformation, outgrowth, selection or screening for the chosen gene and 
confirmation of the genetic alteration (Sawitzke et al). This new form has many 
different uses for functional genomic studies.  
 
This article discusses the role of recombination and recombineering in Escherichia 
coli through different experiments. Different theories applied in the methods. We will 
go through the principles, then discuss and compare the differences between 
recombination and recombineering. 
 
 
 
 
Recombination 
 
1 Method 
The recombination process happened naturally when the DNA injured by UV light, 
X-ray and other reasons then single-stranded gaps may be generated, which gives 
possibility for recombination. Now a day recombination becomes a powerful 
technology in genetic engineering and has been wildly used in many labs. By 
recombination we can modify different DNA fragment to build new subject. 
Generally, recombination contains processes of formed single strand DNA from 
broken molecule to interact with another similar one as duplex, and endonuclease 
resolves the partner duplexes. Two DNA fragments must connect to each other and 
require enzyme to start the process. 
 
A. Use bacterial plasmid to recombinant DNA 
 
Bacterial plasmid can be used to recombinant DNA. Bacterial plasmid is a kind of 
circular double stranded DNA (dsDNA) molecular which separated from bacterial 
chromosome. Enzyme, endonuclease is used to open the plasmid and cut a piece of 
another DNA fragment then two ends have been prepared. Then the opened plasmid 
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and DNA fragment will bind as noncovalent bonds, DNA ligase is used to close the 
circle of plasmid and help two connections form covalently bounds, then recombinant 
DNA has been made. Paul Berg et al of Stanford university got the first recombinant 
molecule in 1973.(Paul Berg, Herbert Boyer, Annie Chang, Stanley Cohen, 1973, 
Stanford University, University of California, San Francisco) 
 
 
 
Figure 1 use bacterial plasmid to recombinant DNA 
 
 
 
Homologous recombination can start by RecBCD pathway. RecBCD proteins first 
bind with DNA chain, because RecB and RecC are helicases which means as motor 
proteins they can move by follow the phosphodiester backbone, so the chi chain can 
be opened and formed a single stranded end. (Daiguan Yu, et al, 2000) 
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Figure 2 the main function of RecBCD complex. 
 
 
 
 
Figure 3 Model for homologous recombination by the RecBCD pathway. (Smith, 
1991) 
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First RecBCD will bind to the end of dsDNA (A), and then a twin-loop structure has 
formed (B). Step (C) shows ssDNA, and the enzyme cut a DNA strand to generate a 
3’-ended ssDNA tail (D). During process (E) to (H) the 3’-ended has been elongated. 
With the function of RecA and single-stranded DNA binding (SSB) protein, and 
product the recombinant DNA(I). (Smith, 1991) 
 
DNA strand exchange and recombination protein RecA is the product of recA gene, 
about 38kd (E.coli). When RecBCD complex has opened the chain it will bind to the 
single strand 3’ end, then search for another homologous fragment to form a D-loop 
form. So two single-stand DNA will bind together. (Gene 7, 2000) 
 
RecA protein is a kind of molecular gives two important direct functions in 
recombination DNA molecules. First is renaturation activity, which takes two 
complementary ssDNA and form a duplex. The second function of RecA is to active 
recombinase and promote strand invasion, RecA will bind on a ssDNA to form a 
nucleoprotein filament.(Gerald R.Smith et a, 1995l) 
 
The recombination of large size DNA can be build by using yeast artificial 
chromosome (YAC), or bacterial artificial chromosome (BAC). YAC can work with 
1000kb exogenous DNA, and BAC can work with about 300 kb exogenous DNA. 
Especially the BAC, because it can clone inside E.coli, uses shorter time and grows 
faster than YAC.  
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2 Experiments (Jodi Parrish and Tom Limjndaporn) 
 
Step1 Preparation of Competent Cells. 
 
 
 
Step2 High-throughput Cloning via Transformation of Peg-DMSO Competent 
Cells. 
 
 
Step 3 Cloning individual or small sets of ORFs via Transformation of PEG-
DMSO Competent Cells(low throughput) 
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Recombineering  
 
 
1 Method 
Recombineering (recombinogenic engineering) is a molecular biology and genetic 
technique based on homologoue recombination systems in Escherichia coli (E. coli) to 
modify DNA. The term was first used in 2001 by Ellis et al (Proc. Natl. Acad. Sci, 
1998) and reviewed by Muyrers et al (Trends Biochem Sci. 2001), Copeland et al 
(Nature Genet. Rev. 2001) 
 
Recombineering is based on homologous recombination in E. coli mediated by phage 
proteins, either RecE/RecT from Rac prophage or Red proteins from bacteriophage 
Lambda (Zhang et al, 1999). Now the Lambda Red (λ Red) recombination system is 
used so commonly. The Red protein only requires around 50 base pairs of homology 
to catalyze the recombimation efficiently.  
 
A. Red proteins and properties 
 
Homologoue recombination is a process where segments of DNA are exchanged 
between two DNA molecules through regions of indent DNA sequence, the result is 
being new combinations of genetic material. The Red protein of phage λ and the 
RecET proteins have properties that allow recombination of a linear, modifying DNA 
contains short homologis with suitable sequences (Muyrers et al, 1999, 2000). In λ 
Red system we are interested in Gam, Exo and Beta. Recombineering with dsDNA 
requires all three Red proteins. Gem is used to protect the linear substrate, while Exo 
and Beta form a complex.  
 
The λ Gam protein inhibits the RecBCD and SbcCD nuclease activities, keeping 
linear DNA, so it is used as a substrate for recombination (Murphy, 1991). Linear 
DNA is required for Red mediated recombination (Stahl et al, 1985). It can be a linear 
short single-stranded DNA(ssDNA), or a double-stranded DNA (dsDNA). 
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The λ Exo protein is a ds DNA-dependent exonuclease. It requires a dsDNA end to 
bind and remains bound to one strand, at the same time degrading the other in a 5’-3’ 
direction (Cassuto et al, 1971). Exo is only required for recombineering with dsDNA 
substrates(Ellis et al, 2001).  
 
The λ Beta is an ssDNA-binding protein. It can promote the annealing of 
complementary DNA strands. Beta binds to ssDNA stably and protects the DNA from 
single-strand nuclease attack (Karakousis et al, 1998). Beta is only required for the 
recombineering with ddDNA oligos (Ellis et al, 2001).    
 
B. How dose Red/ET works? 
 
Red/ET recombineering is a new technology for DNA engineering. Recombineering 
with Red/ET allows the modification of DNA at any chosen position and unlimited 
cloning. It allows precise engineering of DNA molecules of any size, including very 
large one, like E. coli chromosome. Furthermore this new technology is less laborious 
than traditional DNA manipulation techniques, so has saving on time and cost a lot. 
(Muyrers, J.P. et al).  
 
In Red/ET recombineering, target DNA molecules are precisely changed by 
homologous recombination in strains of E. coli, which express phage-derived protein 
pairs, either Redα/Redβ from λ phage or RecE/RecT from the Rec prophage. 
(Muyrers, J.P.et al. 2000). RecE and Redα are 5’-3’ exonucleases, and RecT and Redβ 
are DNA annealing proteins. There proteins pairs are operationally and functionally 
together. A functional interaction between Redα and Redβ, or between RecE and 
RecT is also required, because they are referred to catalyse the homologous 
recombination reaction.  
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Figure 4 Mechanism of Red/ET Recombination 
Double-stranded break repair is initiated by the recombinase protein pairs, RecE/RecT 
or Redα/Redβ. First Redα (or RecE) digests one strand of the DNA from the double-
stranded break, leaving the other strand as a 3’ ended. Then Redβ(or RecT) binds and 
coats the single strand. The protein-nucleic acid filament aligns with homologous 
DNA. Once aligned, the 3’end becomes a primer for DNA replication. 
The λ recombination proteins can be expressed from a plasmid and are transferable to 
any E. coli strain. Recombination occurs through homology regions that are stretches 
of DNA shared by the two molecules that recombine. When the sequence of the 
homology regions can be chosen freely, any position on the target molecule can be 
changed. Homologous recombination can exchange of genetic information between 
two DNA molecules in a precise, specific. 
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C. Applications of Red/ET 
Red/ET recombineering not only enables the made-to-measure production of strains 
for already existent products, but also enables to design new products by combining 
DNA framents from different organisms. It can be used to insert, delete or substitute 
DNA sequence at any position. It can also be used to Subcloning and cloning of 
sequences from complex mixtures of DNA, without purify the DNA, also without 
requiring suitable restriction sites.  
 
Figure 6 Applications of Red/ET 
it allows every type of DNA engineering possible regardless of target size or type of 
modification. 
The technology has been used in various application and it used both in academia and 
industry. It has several advantages comparing with the conventional methods, such as: 
Independent of restriction 
No size limits  
No unwanted mutations  
 
Rapid  
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2 Experiments 
Step 1 Generation of a PCR product from the functional cassette flanked with 
homology arm.  
The only requisite is that the recombining DNA molecules need to have homologous 
arms of 50 base pairs each. These can be synthesized as oligonucleotides and attached 
to a linear fragment by PCR. 
 
 
Step 2 Transformation of pRed/ET (Red/ET expression plasmid) into the E. coli 
host.  
 
 
Step 3 Induction of the Red/ET recombination gene and subsequent 
transformation of the linear PCR into the E. coli host. 
After induction, the cells are prepared for electroporation and the PCR product 
carrying the homology arms is electroporated 
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Step 4 Red/ET recombination inserts the functional cassette into the target locus 
 
 
Step 5 Transformation of FLP-expression (706-FLP Gene Bridges Cat. No. A 
103) plasmid into the E. coli hose 
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Step 6 Removal of selection marker by FLP recombination 
 
Figure 5 the experimental outline for the targeted disruption of genes on the E. coli 
chromosome. 
The central step in Red/ET Recombineering is the crossover step between a targeting 
construct containing homology arms (hm) and the target which can be a gene locus on 
the E. coli chromosome. The core of this technology is the expression plasmid 
Red/ET. This plasmid allows the precise insertion of DNA fragments at any position 
in the E. coli genome. The oligonucleotides synthesis enables the production of any 
sequences, so to modify the DNA at any chosen site is possible. 
 
 
 
 
 
 
 
 
                                                                                                                                                       RUC, Autumn 2007 
                                                                                                                                                                         - 17 -                                        
Discussion 
 
Normally DNA is a kind of stable molecule, but there are many reasons can cause 
DNA injury, such as chemical compounds, UV radiation, mutation and etc.  In most 
case allow repair system to make appropriate repairs. An intact circular genome is 
stable and very rare to start recombination process, alternatively the broken genome 
always give a high efficiency. 
 
Bacterial plasmid can only be used in recombinant short exogenous DNA, but 
recombineering tech can be applied for larger exogenous DNA molecules. 
Recombination requires both endonuclease and DNA ligase and in recombineering 
tech the Red proteins can gave the full function instead of them. No special enzyme 
sites need in recombination. (Krasin and Hutchinson, 1977) 
 
With recombination can modify many different DNA sequences. But only few of 
them give useful function and now haven’t found an efficacious treatment for it.              
Recombineering can generate the desired modification without leaving any waste.  
The biggest advantage of recombineering is that it do not need for conveniently 
positioned restriction sites, while in the normal genetic engineering, DNA 
modification is usually compromised by the unique restriction sites. And it also gives 
up multiple coning steps for generating intermediate vectors, so it saves some time to 
modify DNA constructs. However, the efficiency is generally low and to having to 
engineer a gene for growth selection. The efficiency of Red/ET recombineering may 
very different between different E.coli strains.  
 
Both recombination and recombineering can work with E.coli, and this makes the 
experiments cheaper and quicker than the other way. 
 
There are kinds of recombination models, but the main structures of them are similar. 
However until now we haven't built a model that could accommodate all known 
experimental data.   
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Perspectives 
 
This project is a literature study according to recombination and recombineering 
system. Now the basic theory and principle of recombination and recombineering 
have been discussed.  If we have more time, we would like to perform an experiment 
which uses the recombineering technology in E. coli. Like investigate the function of 
a certain protein, such as 9K.    
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Appendix 
 
Chi site: a sequence of eight DNA bases which, in the proper orientation, stimulates 
nicking activity of exonuclease V and thereby initiates recombination. 
 
Endonuclease: Cleave bonds within a nucleic acid chain; they may be specific for 
RNA or for single stranded DNA (ssDNA) or double stranded DNA (dsDNA). 
 
Promoter: A DNA sequence at which RNA polymerase may bind, leading to 
initiation of transcription. 
 
Renaturation:  The process by which proteins or complementary strands of nucleic 
acids re-form their native conformations. 
 
Recombinase: An enzyme that catalyzes the exchange of short pieces of DNA 
between two long DNA strands, particularly the exchange of homologous regions 
between the paired maternal and paternal chromosomes. 
 
Ribosome: A supramolecular complex of rRNA and proteins, approximately 18 to 22 
nm in diameter; the site of protein synthesis. 
 
Ribosome binding site: RBS is a sequence on mRNA that is bound by the ribosome 
when initiating protein translation. 
 
RNA polymerase: An enzyme that catalysis the formation of RNA from 
ribomucleoride 5' - triphosphote, using a strand of DNA or RNA as a template. 
 
Strand invasion: a single strand of DNA entering into a DNA duplex to form a D-
loop. 
 
Transcription: The enzymatic process whereby the genetic information contained in 
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one strand of DNA is used to specify a complementary sequence of bases in and 
mRNA chain. 
 
Translation: The process in which the genetic information presents in an mRNA 
molecule specifies the sequence of amino acids during protein synthesis. 
 
tRNA: A class of RNA molecules, each which combines covalently with a specific 
amino acid as the first step in protein synthesis. 
 
mRNA: A class of RNA molecules, each of which is complementary to one strand of 
DNA, carries the genetic message from the chromosome to the ribosomes. 
 
rRNA: ribosomal RNA, a class of RNA molecules serving as components of 
ribosomes. 
 
